and tmtaaH 2 , the macrocyclic ligand 6,8,15,17-tetramethyldibenzotetraaza[14]annulene, depending on the stoichiometry, solvent and temperature. The crystal structure of Ce(tmtaa) 2 is isostructural with Zr(tmtaa) 2 , however magnetic susceptibility measurements in the range 5-300 K show that Ce(tmtaa) 2 is not diamagnetic, but is a temperature-independent paramagnet (TIP), similar to Ce(cot) 2 , cerocene. 2 , and phthalacyanines, pcH 2 . Although all of these ligands form stable dianions, their electronic structure and therefore the electronic properties of their complexes are different. The tmtaa 2-is a 24 π-electron system (4nπ, n= 6) that is not Hückel aromatic. The negative charge is not delocalized over its entire framework, but is localized on the four nitrogen atoms, that carry a total negative charge of -0.98 e, and the two β-carbon atoms in the imidinate ring that carry a -0.24 e charge, NC α (Me)C β (H)C α (Me)N. 6, 7 The tmaa 2-is therefore not planar but is saddle shaped with idealized C 2v symmetry. 8 The cot 2-(4nπ+2, n=2) and porph 2-(4nπ+2, n=6) are aromatic and the negative charge is delocalized over the planar rings. Pr, Nd, Sm, Gd, Tb, Er and Yb. 30 In this paper the synthesis and physical properties of Ce(tmtaa) 2 and related complexes are described.
Introduction
The d-transition metal complexes of 6,8,15,17-tetramethyldibenzotetraaza [14] -annulene, abbreviated tmtaaH 2 , whose systematic name is 7,16-dihydro-6,8,15,17-tetradecine, have been extensively developed since this ligand became available in synthetically useful amounts. [1] [2] [3] [4] [5] The [14] annulene nomenclature is informative since it connects tmtaaH 2 to two related classes of ligands that have an extensive chemistry, viz., [8] -annulene, otherwise known as cyclooctatetraene, cot, and [16] -annulenes, the porphyrins, porphH 2 , and phthalacyanines, pcH 2 . Although all of these ligands form stable dianions, their electronic structure and therefore the electronic properties of their complexes are different. The tmtaa 2-is a 24 π-electron system (4nπ, n= 6) that is not Hückel aromatic. The negative charge is not delocalized over its entire framework, but is localized on the four nitrogen atoms, that carry a total negative charge of -0.98 e, and the two β-carbon atoms in the imidinate ring that carry a -0.24 e charge, NC α (Me)C β (H)C α (Me)N. 6, 7 The tmaa 2-is therefore not planar but is saddle shaped with idealized C 2v symmetry. 8 The cot 2-(4nπ+2, n=2) and porph 2-(4nπ+2, n=6) are aromatic and the negative charge is delocalized over the planar rings. 7 These three classes of ligands have been used to generate early d-transition metal compounds that are stoichiometric equivalents of the two Cp -ligands in metallocene fragments. For example, the zirconium derivatives of the type (tmtaa)ZrX 2 , (cot)ZrX 2 , (porph)ZrX 2 have been studied as electronically altered analogues of Cp 2 ZrX 2 . [9] [10] [11] [12] [13] [14] In addition, the diamagnetic complexes Zr(cot) 2 , Zr(porph) 2 and Zr(pc) 2 with a d 0 electronic configuration are known. 11, 15-20 50 70 The binary f-transition metal complexes of cot 2- , porph 2- and pc 2-are known only for cerium, [21] [22] [23] [24] [25] but Ce(tmtaa) 2 is unknown. These complexes are of considerable interest since deductions about their electronic structure implied by their stoichiometry have been questioned. 23, 26 For example, the electronic structure of cerocene, Ce(cot) 2 27 Complexes of the phthalocyanato ligand, Ce(pc) 2 , have been suggested to be examples of this "valence ambiguity". 23, 24 These long known and largely ignored complexes have therefore become the focus of intensive studies that are concerned with the question of exchange coupling between electrons in f-orbitals and therefore their role in covalent bonding.
With this brief introduction, the preparation and physical properties of Ce(tmtaa) 2 Pr, Nd, Sm, Gd, Tb, Er and Yb. 30 In this paper the synthesis and physical properties of Ce(tmtaa) 2 and related complexes are described.
Results and Discussion

Synthesis and Structure
The synthesis of the complexes involves the reaction of tmtaaH 2 with Ce[N(SiMe 3 ) 2 ] 3 in various molar ratios. Proton transfer reactions of Ce[N(SiMe 3 ) 2 ] 3 , the pK a of (Me 3 Si)NH in thf is 26, 31 depend critically on the solvent, concentration of the reactants, and temperature. These details are given in the Experimental Section, which are reproducable when close attention to detail is observed, and shown schematically in Scheme 1. Solutions of complexes Ce(tmtaa)(tmtaaH) (1) and Ce 2 tmtaa 3 (2) are extremely sensitive to trace amounts of air, which result in formation of Ce(tmtaa) 2 (3), which is stable to air and moisture. Deliberate oxidation of either 1 or 2 is therefore an excellent synthetic route to 3.
Ce(tmtaa)(tmtaaH) (1) 3 , in the ratio 1.5:1, at room temperature in tetrahydrofuran. The dark red, air and moisture sensitive crystals incorporate two equivalents of tetrahydrofuran in the crystal lattice. On prolonged exposure to dynamic vacuum the crystals collapse to a red powder. The complex 2 is insoluble in aliphatic solvents, but moderately soluble in aromatic hydrocarbons and tetrahydrofuran. However, the molecule cannot be purified by recrystallization which is most likely due to its high air sensitivity in solution, that is associated with formation of Ce(tmtaa) 2 (3). Various attempts to obtain single crystals produced either amorphous or weakly diffracting crystals. However, the material is analytically pure and the 1 H NMR spectrum at 20 °C agrees with a molecule of C 2v symmetry, since twelve 1 H NMR signals for chemically inequivalent tmtaa ligands are observed in C 6 D 6 solution. The chemical shifts of the resonances are temperature dependent and they obey the Curie-Weiss law as expected for paramagnetic compounds (Fig. 1 ).
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The crystal structure of the analogous Gd 2 (tmtaa) 3 complex is known, 32 and a schematic representation is shown in Figure  2 . The molecule has idealized C 2v symmetry in solid state. The Gd-atoms are coordinated by slightly distorted cubes of the N-atoms of the tmtaa-ligand. The Gd-atoms have two different coordination environments. One Gd is displaced to the same side of the outer ligand, to which the benzoid rings are tipped, but coordinates to the middle deck in the opposite way. The bonding situation is different for the other Gd which is connected to each of the N-atoms of the two tmtaa-ligands on the same side of the ligand where the C 6 H 4 -fragments are tipped to that is realized by a 90° rotation of the third tmtaaligand around the Gd-Gd axis. A similar structure is expected for 2 based upon the 1 4 ] or p-benzoquinone (1 equivalent per cerium) with 1 or 2 in tetrahydrofuran or toluene, respectively. Complex 3 may be crystallized by slow vapor diffusion of pentane into a concentrated toluene solution as deep green, air-stable shiny cubes which incorporate half a molecule of pentane per cerium. The stoichiometry was confirmed by X-ray crystallography, elemental analysis and 1 H NMR spectroscopy. It is sparingly soluble in aliphatic hydrocarbons, but more soluble in aromatic ones. The EI-MS spectra exhibit a molecular ion (m/e = 824 amu) with the correct isotope pattern. However, the molecule does not melt to 310 °C nor sublime in an ampoule under static vacuum up to temperatures of 350 °C; instead it decomposes and the decomposition products are identified as tmtaaH 2 , an unidentified green oil and an insoluble red-brown residue. Ce 2 (tmtaa) 3 is not formed under these conditions as determined by 1 H NMR spectroscopy. The 1 H and 13 C NMR spectra of 3 show only one set of CH and CH 3 units consistent with a molecule of high symmetry.
The solid state structure of Ce(tmtaa) 2 consists of discrete monomeric molecules with idealized D 2d symmetry, and with disordered pentane molecules in the unit cell. Analogous complexes of Ti, Zr and Hf have been reported and Zr(tmtaa) 2 is isostructural to the cerium analogue. 9 An ORTEP diagram of 3 is shown in Figure 3 and selected bond distances and angles are given in Table 1 . Most notably, the averaged Ce-N distance in compound 3 of 2.454(9) Å is identical to the value found for the averaged Ce-N distance (2.478(15) Å) for the [Ce(tmtaa)] fragment in Ce(tmtaa)[tmtaaLi(thf)]. 28 In 3 the cerium atom is sandwiched between two tmtaa molecules, each of which adopt a saddle-shape, and the tmtaa ligands have a staggered orientation (ϕ= 88.6°). This results in an eight coordinate molecule in which the eight nitrogen atoms are located on the corners of a cube. An interesting feature of the molecular structure of tmtaa complexes is the distortion of the ligand in the complexes which is shown by the dihedral angles α and β listed in Table 2 defined in the footnote to  Table 2 . The neutral free-base and the imidinate fragments in 3 and Zr(tmtaa) 2 have similar β-angles. The angles referred to as α decrease slightly (5-8°) on going from the free-ligand to 3 making the saddle shape more open. The two planes defined by the N 4 cores are parallel, the dihedral angle between them is 1.17(10)°, and the planes are separated by 3.02 Å. The eight Ce-N distances ranging from 2.428(3) to 2.462(4) Å.
Solid State Magnetic Susceptibility Studies (SQUID)
The magnetic susceptibility data of 1 and 2 are shown in Figures 4 and 5 In addition, the magnetic susceptibility data for 1 provide independent support for the supposition derived from X-ray diffraction, that 1 contains a cerium(III) center, and the
35 is in agreement with data from other mononuclear Ce(III) compounds (1.8-2.5μ B ). [36] [37] [38] [39] [40] The magnetic susceptibility of the triple-decker complex 2 is unexceptional, and spins on the Ce(III) ions are uncorrelated as shown by the χ -1 vs. T plot and the magnetic moment μ eff (300K) = 3.23μ B (2.28μ B per Ce). The experimentally determined magnetic susceptibility of 3 shows that it is not diamagnetic (χ m < 0). The plot of χ, when corrected for a small amount of a J= 5/2 impurity, Ce(III), as outlined in ref. 41 , shows that in the solid state 3 behaves as a temperature independent paramagnet (TIP) (Fig. 6 ). This behaviour is analogous to that of Ce(cot) 2 , but the molecular reason for the TIP behavior is unknow at this time.
Conclusions
Cerium tris(bistrimethylsilylamide), Ce[N(SiMe 3 ) 2 ] 3 , is a convenient starting material for the tmtaa coordination compounds, Ce(tmtaa)(tmtaaH), Ce 2 (tmtaa) 3 and Ce(tmtaa) 2 . The magnetic susceptibility of Ce(tmtaa)(tmtaaH) and Ce 2 (tmtaa) 3 show that these macrocyclic complexes behave as simple f 1 -paramagnets. The magnetic susceptibility behaviour of Ce(tmtaa) 2 is not simple. The stoichiometry of 3 implies that the electronic structure is Ce(IV), 4f 0 ) and diamagnetic. However, 3 is a TIP, as found for Ce(cot) 2 . Although the temperature dependence of the magnetic susceptibility of these two compounds is similar, the microscopic or molecular reason is not necessarily the same. Studies, using the tools of physicists, have been initiated to answer this fascinating question.
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Experimental Section
The experiments were carried out and characterized as previously described. 41, 42 The magnetic susceptibility was obtained as previously reported. 41 Ce[N(SiMe 3 ) 2 ] 3 was prepared according to a published method and sublimed and crystallized prior to use. [Ce(tmtaa) 2 ] (3). Ce 2 (tmtaa) 3 or Ce(tmtaa)(tmtaaH) were converted to Ce(tmtaa) 2 6 ] or 1,4-benzoquinone as outlined below. Method 1: Ce(tmtaa)(tmtaaH) (0.15 g, 0.18 mmol) was suspended in toluene (ca. 10 mL) and a yellow solution of freshly sublimed 1,4-benzoquinone (0.020 g, 0.18 mmol) in toluene (10 mL) was added. The suspension turned dark green and an insoluble colorless precipitate was formed. The reaction mixture was filtered and the solvent removed under dynamic vacuum. At this point the residue was handeled in air and washed with hot heptane to remove trace amounts of tmtaaH 2 . The residue was dissolved in toluene, the solution concentrated and the compound was crystallized at -20 °C or by vapour diffussion of pentane into the concentrated toluene solution over night. The reaction conditions for the conversion of Ce 2 (tmtaa) 3 were identical to those with Ce(tmtaa)(tmtaaH) with the exception that one equivalent of p-benzoquinone or 3 (s, CH 3 ) . The E.I. mass spectrum showed a molecular ion at m/e= 824 amu. The parent ion isotopic cluster was simulated: (calcd. %, observd. %): 824 (100,100), 825 (51,51), 826 (25, 26) , 827 (8, 8) 
Crystallographic study
Crystallographic Studies. X-ray quality crystals were grown by vapour diffusion of pentane into a concentrated toluene solution overnight. A crystal of appropriate dimensions was mounted on a glass fiber using Paratone N hydrocarbon oil. All measurements were made on a Bruker SMART 1K CCD diffractometer. 44 Cell constants and an orientation matrix were obtained of the measured positions of reflections with I > 10 σ to give the unit cell. The systematic absences uniquely determined the space group in each case. An arbitrary hemisphere of data was collected at low temperature using the ω scan technique with 0.3° scans counted for 10 s per frame. Data were integrated using SAINT. 45 and corrected for Lorentz and polarization effects. The data were analyzed for agreement and absorption using XPREP, 46 and an empirical absorption correction based on comparison of redundant and equivalent reflections was applied using SADABS. 47 The structure was solved by direct methods and expanded using Fourier techniques.
Non-hydrogen atoms were refined anisotropically, and the hydrogen atoms were included in calculated positions, but not refined. No hydrogen atoms for the disordered pentane were included in the refinement. The structure was solved and refined using the software packages SHELXS-97 (structure solution) 48 and SHELXL-97 (refinement). 
